Introduction
Protection of water resources is a major issue globally as demand for food and increasing urban and industrial needs place pressure on water supply, while river health continues to decline. In Australia the occurrence of a decade of drought and concerns about climate change have focused public policy on water scarcity. In the Murray-Darling Basin (MDB) , emphasis on water for the environment or 'environmental flow' has diverted attention from water quality issues while in urban areas the re-use of water for drinking has created major concerns for public health. In Australia and elsewhere the catchment has proved to be a useful geographical and social unit for planning, often with emphasis on biophysical issues such as water allocation, biodiversity and salinity management, while urban approaches often focus on technological solutions such as desalination and disinfection methods for water treatment.
Yet a broader approach that crosses conventional boundaries can be beneficial for several reasons. such as the effects of tree planting to beneficially manage salinity and carbon while detrimentally reducing water run-off. Thirdly, multiple and synergistic benefits will be missed when the focus is restricted, for example when assessment of the benefit of catchment management changes is restricted to pathogen control as opposed to erosion and eutrophication management.
In this Australian review the diverse needs of stakeholders for access to water of appropriate quality are considered and how these needs might be managed. The challenge is to synthesise the needs and develop options and opportunities for a sustainable future. From a policy and management perspective resources will always be limited so that the choice of investment options will need to reflect priorities. Also changing climate, increasing demand for water and new knowledge require adaptive and transformative approaches to collaborative planning. The issues are complex, but to their credit, Australian policy makers, managers, industries and communities are working together to explore solutions. Some key challenges and exemplars are provided.
Water characteristics, stakeholder needs, and management options
A review of water quality issues in Australia is summarised in Tables 1 and 2 . (Further details and references are provided by Bowmer (2012)). For simplicity stakeholder classes are divided into: irrigation farmers and rural landholders with riparian rights to access water known as 'stock and domestic'; urban dwellers and industry with an emphasis on drinking water and public health safety; and aquatic ecosystems which includes water for aesthetic, spiritual, recreational and cultural purposes. Water quality characteristics are: salinity, acidity, nitrogen, phosphorus, carbon, turbidity, micro-pollutants, and pathogenic organisms. Management options are compared under categories of: prevention (including improvements to agricultural land management systems); interception (such as the use of salinity evaporation ponds, protection of the riparian zone and use of wetlands for effluent treatment and stormwater interception; and treatment and re-use (usually requiring disinfection, filtration and other technological solutions).
Clearly, the diverse range of needs and management options is a challenge to planners and managers who need to embrace a broad range of investment options as well as principles of public participation in decision making. Fortunately, in Australia, lawyers, sociologists, geographers and economists, as well as scientists and engineers, are being employed in public service planning positions. In the following section I expand on the challenges, provide examples of successful integration, and describe some of the strategies used.
Challenges to developing management options
Need to understand the water cycle Chartres & Williams (2006) describe a suite of options that can be used to maintain run-off and river flow while reducing the amount of salt and pollutants reaching rivers and groundwater. These include: managing dryland land use; reducing consumptive water extraction; improving river flow regime by trading, regulation and dam management; reducing groundwater extraction to safeguard base flow to rivers; managing subsurface drainage to avoid accumulation of salt in the root zone; improving irrigation water use efficiency on farm; and increasing surface water re-use in irrigation and cities.
Costing these options requires an understanding and quantification of the water cycle. 
Need to consider interactions between stressors
For convenience and simplicity I isolate eight water characteristics for review, but warn that a problem of this approach is that it is the combination of various stressors that affect the utility of the water or demise of river and estuarine health. For example, the development of an algal bloom can be affected by weir pool or river reach residence time, 
Need to use systems approaches
Planners need to be wary of 'single-issue' priorities that have been a feature of Australian natural resource management and investment. For example, in the last decade, media attention and investment priorities have focused in sequence on salinity, algal blooms, water scarcity, environmental needs ('environmental flow'), public health concerns arising from re-use of water for drinking, water for food security and effects of coal seam gas on groundwater pollution. There are several problems in considering these single issues separately:
(1) Simplistic benefit-cost analysis applied to separate user groups may miss opportunities for synergy. For example, Syme & Nancarrow (2008) define 'Water Benefits' as ways in which water promotes well-being in both utilitarian and non-utilitarian ways, acknowledging that the same volume of water can deliver multiple benefits as it moves through a catchment. Hamstead (2007) also comments on the misconception that water is used either for environmental or productive environmental purposes, when both can occur. 
Need for new methods to value the aquatic environment
In accord with global assessments of the value of ecosystem services provided for human Australia's market-based approaches to water policy have tended to under-value the social functions of water, such as culture, spirituality, recreation, health and aesthetics. As noted in a recent Special Issue Supplement of the Water Policy Journal (2012), valuation of water for these social functions is complex but important. There is increasing evidence that communities are not prepared to accept a decline in river water quality and aesthetics, even if treatment for consumptive use is available and affordable. and Syme & Nancarrow (2008) have discussed the problem that social benefits from water extend through a sphere of needs from health and economics to social prestige, recreation and spirituality. These are all related especially as the same volume of water can provide for a number of needs or values at the same time. Thus they suggest that alternative quantitative units be used instead of dollar values. Specific criteria for improving these benefits in water quality and quantity terms can then be developed and participative management plans derived that meet criteria of procedural justice.
Clearly, more information is needed to assess the value of ecosystem services and the balance of public and private investment required to meet expectations, noting that resources are inevitably limited and must be targeted to stressed and/or highly-valued systems (NWC 2012 The Australian government recently commissioned a report on ecosystem services with a particular focus on their application to agricultural lands, concluding that one of the greatest benefits is the facilitation of dialogue about complex major policy challenges (Cork et al. 2012a) . A review of the quality of ecosystem services showed that land management practices adopted by farmers have a direct impact on improving soil condition providing a range of ecosystem services to the broader community, including water purification and regulation of water flows (Cork et al. 2012b ). the conditions under which farmers can provide ecosystem services as well as being producers of food and fibre. They found that many landholders would be drawn to an initiative that gives recognition, support and financial assistance with regulation as a last resort. Williams & McKenzie (2008) propose a price premium for produce through eco-labeling and incentives that reward the grower and supplier for best practice in providing ecosystem services.
Need for incentives to change behaviour
'Catchment Care' is a possible solution that moves beyond direct financial assistance to recognise the obligation of resource managers and farmers to avoid practices that harm the long-term interests of resource users as a whole (Hatfield-Dodds 2006) . The principle combines disincentives, cost sharing by land-holders, assistance for mandatory conservation practices and incentives for voluntary conservation, resulting in higher overall environmental standards than could be achieved by each mechanism alone.
Need for community involvement
Developing priorities for investment requires that biophysical considerations should be better integrated with socio-economics. Notably, the effect of public expectation on driving or restricting the implementation of policy must be considered. These issues are complex, difficult and uncertain (Ross et al. 2012 ). Advantages of community involvement are that people can enrich expert knowledge, set their own priorties, find local innovative solutions and agree on monitoring regimes. In discussing the contentious issue of water allocation, Syme (2013) reports that people generally support concepts of longterm sustainability and intergenerational equity but uncertainty about the future requires that trust and fairness are explicitly included in water planning.
Critical issues in Australia include the effect of a ten year drought which stimulated the search for new water sources for cities and led to a strong and hostile reaction in the 
Conclusion
The integration of land and water management appears to have been downplayed and under-funded in recent years. Links between land use, downstream water quality and ecosystem resilience are difficult to quantify because of the interaction of many confounding factors. Also substantial past investment in water treatment technology has enabled urban Australians to access safe water for drinking and industry, to some extent removing the pressures for greater investment in watershed protection. However, as noted by Mitchell and King (1980, p. 52 ) 'while it is claimed the simplest solution to catchment solutions lies in water treatment because the technology is now so advanced, such technology is still not completely effective, can be extremely costly, and may be subject to human error'.
There is increasing interest in the resilience of riverine ecosystems and their aesthetic, cultural and ecotourism values so an emphasis on engineering solutions is no longer appropriate. It is timely to revisit the catchment-based approach to landscape sustainability and resilience in Australia and to extend planning to include the full range of management options.
In developing a priority-setting framework for water resource protection it is clear that biophysical considerations need to be better integrated with socioeconomics and that public expectation can drive or restrict the implementation of policy. These issues are complex, difficult and sometimes contentious. Examples include attitudes to re-use of water for drinking in cities and rejection of the Basin Plan by some rural communities. To their credit, planners and governments are responding to these challenges, a wide range of tools is being developed, and sharing of knowledge and experience is enhancing collaborative approaches to planning. Also, in recent years strategies and programs for watershed protection have evolved in Australia. For example 'resilience thinking' has been applied to the several catchments in New South Wales and Victoria to engage communities in planning for natural variation and extreme climate. As noted by Ross et al. (2012) , in the face of change, a resilience perspective is required to foster each community's and region's strengths so they can plan effectively and make their own adaptations. Shading caused by turbidity advantages buoyant bluegreen algae and threatens the health of coral and seagrasses with major impacts in Port Phillip Bay, Moreton Bay, and Perth and Adelaide coastal waters. In inland rivers the threat to biodiversity increases when turbidity is combined with regulation to create constant flow. Micropollutants and Pathogens
Concentrations of pesticides in irrigation water sometimes exceed safety guidelines. Intentional contamination is a risk to the reputation of clean food products for consumers and the export market, though the risks are countered by registration and approval processes that are well-developed.
New limits for 140 pesticides in drinking water are proposed but water utilities are concerned about monitoring costs. There are uncertainties about the toxicological impact of emerging categories of widely-occurring pollutants through more intensive re-use of water, even though risk should be reduced by advances in recent water treatment technology. Currently many inland communities drink water that has been recycled indirectly through river dilution and transport but direct recycling is contentious with policy bans or restrictions in several states.
Recycling or withholding periods before drainage is released can successfully manage contamination from rice and cotton pesticides. Integrated pest control methods and genetically modified cotton cultivars have much reduced cotton pesticide contamination. The Great Barrier Reef is threatened by combinations of diffuse pollutants. Fishing in Sydney Harbour is restricted because of dioxin contamination. 
Preventative

Acidity
Application of lime, timing nitrogen fertiliser application to meet plant demand, avoiding long fallows, retaining crop residues rather than burning, replacing cations removed in agricultural commodities, and improving soil organic matter levels.
Levee banks used to protect wetlands from acid discharges.
Restoration of flow for flushing.
Treatment with lime or dolomite. Exposure of acid suphate sediments prevented by permanent flooding; achieved by environmental water purchase and rain in the Coorong, South Australia.
Nitrogen
Effluent disposal guidelines are available for intensive rural industries. Some sewage is treated using methanol or biological methods.
Interception by riparian zone is ineffective for dissolved nitrogen. Nitrification and denitrification sequences in natural and constructed wetlands remove nitrogen in gaseous forms.
na Turbidity Sediment Phosphorus
Over 85% of the sediment-bound phosphorus in Queensland is derived from hillslope erosion, whereas gully (subsoil) and river bank erosion dominates in south-eastern Australia. Consequently, the avoidance of surface soil exposure and erosion is particularly important in high rainfall areas.
Management of riparian zone (fencing and planting) can help when phosphorus is adsorbed to particles but trapping capacity is quickly exceeded. Off-river watering for animals avoids bank erosion. SedNet used to target hotspots for amelioration. Natural and artificial wetlands included in Water Sensitive Urban Design for cities.
Copper sulphate for algae in reservoirs. Gravity sedimentation, micro-sand embedded flocculation, and dissolved air flotation are used for drinking water. Costs increase when algae are present. Phoslok® modified clay used to sequester phospohorus, but expensive.
Carbon
Conservation farming is expected to increase carbon levels in soils, but also increases structure and water-holding capacity, reducing run-off.
Riparian zone fencing and planting can help but are largely ineffective for dissolved forms of carbon. Biochemical oxygen demand is reduced by wetlands.
Dilution of blackwater used where river operations permit. Treatment by ozonation and disinfection but with concerns about carcinogenic biproducts.
Micropollutants and Pathogens
Water utility practitioners emphasise the importance of best catchment management practice for protection of drinking water. Conservation farming systems retain soil particles that are associated with bacteria and viruses and are generally not subject to intensive grazing by livestock. Such systems are part of the multiple barrier or catchment-to-tap approach adopted by major urban water utilities.
Interception in riparian zone and filter strips. Capture and treatment of stormwater in wetlands.
Recycling of effluents for irrigation and gardens including 'third pipe' systems. Sewage treatment methods including natural uv radiation, membrane filtration and reverse osmosis.
Activated carbon is used for toxin and odour removal. Sophisticated systems are available and effective for disinfection and removal of trace pollutants but public trust is low.
